INTRODUCTION
============

The leading cause of death in type 2 diabetes mellitus (T2DM) is cardiovascular disease (CVD) \[[@B1]\]. Recent studies have shown that diabetic microangiopathies are associated with macroangiopathies and suggest that microangiopathies may have a prominent role in the pathogenesis of microangiopathy development \[[@B2]\]. Although the precise underlying mechanisms linking the diabetic microangiopathies and macroangiopathies are unclear, some evidence suggests that the effects of microangiopathies may be linked to subclinical atherosclerosis \[[@B3]-[@B5]\].

Carotid atherosclerosis as estimated by carotid intima-media thickness (CIMT) and plaques is considered to reflect an early stage of atherosclerotic disease and is therefore used as a surrogate marker for diabetic macroangiopathies \[[@B6]-[@B8]\]. So far, studies on the relationship between diabetic microangiopathies and carotid atherosclerosis have yielded inconsistent results.

Cardiac autonomic neuropathy (CAN) is one of the most common complications of diabetes, and represents a significant cause of morbidity and mortality in diabetic patients. Although the pathophysiological mechanism of this increased mortality is unclear, it may be related to silent myocardial ischemia and subclinical coronary atherosclerosis \[[@B9],[@B10]\]. However, studies on the relationship between CAN and carotid atherosclerosis are few \[[@B11],[@B12]\].

Aassociations between carotid atherosclerosis and both urine albumin excretion (UAE) and glomerular filtration rate (GFR) in diabetic patients have been investigated, but these studies showed only inconsistent results \[[@B5],[@B13],[@B14]\]. Additionally, it is known that the presence of diabetic retinopathy (DR) is a marker for an increased risk of clinical CVD events \[[@B15],[@B16]\]. Several studies have investigated the association between CIMT and DR. Some studies have reported that the presence of DR was associated with high CIMT \[[@B17],[@B18]\], whereas other studies did not find any significant association between DR and CIMT \[[@B19]\]. However, these associations have not been adequately examined, particularly in the Korean population.

Therefore, the aim of this study was to investigate the relationship between CAN and carotid atherosclerosis in Korean T2DM patients. We also examined the relationship of other diabetic microangiopathies to carotid atherosclerosis.

METHODS
=======

Study subjects
--------------

A total of 131 T2DM patients (mean age, 56 years) who visited Soonchunhyang University Bucheon Hospital from January 2009 to February 2011 were enrolled. Exclusion criteria were: malignancy, hepatic failure, acute infection, acute metabolic complications, fatal arrhythmia, and CVD such as acute coronary syndrome and previous myocardial infarction. We retrospectively reviewed detailed demographic data and clinical and treatment history using medical records. Because this study was a retrospective study based on the analysis of existing data from medical records, we did not need to obtain institutional review board approval.

Measurement of carotid atherosclerosis
--------------------------------------

Carotid atherosclerosis was assessed by the use of high-resolution B-mode ultrasonography (SSA-660A, Toshiba, Tokyo, Japan) performed with an ultrasound scanner equipped with a 12-MHz linear-array transducer. Intima-media thickness (IMT) measurements were performed on the right and left common carotid arteries 1.0 cm proximal to the origin of the bulb and the mean IMT values were calculated. Carotid IMT thickening was defined as mean CIMT ≥1.0 mm \[[@B20],[@B21]\]. Protrusions into the lumen that were 100% thicker than the nearest area were defined as plaques. The plaque was dichotomized according to the number of carotid plaques (≤2 or \>2).

Cardiac autonomic function test
-------------------------------

Autonomic function tests were performed by the same operator. Patients were advised to abstain from alcohol and tobacco during the 24 hours prior to the test. Patients who underwent testing had also fasted for at least 3 hours prior to the test, with no coffee or caffeine. In addition, medications such as antihistamines, antidepressants, and β-blockers were withheld for 12 hours prior to the test \[[@B22]\].

CAN was assessed by five standard cardiovascular (CV) reflex tests according to Ewing\'s protocol \[[@B23],[@B24]\]. Three of these measurements assess parasympathetic function: heart rate responses to deep breathing (beat to beat variation), to standing (30:15 ratio), and to the Valsalva maneuver. The other two tests assess sympathetic function: blood pressure responses to standing and a sustained handgrip. The heart rate response to deep breathing, standing, and the Valsalva maneuver were assessed automatically from electrocardiography recordings using the DICAN evaluation system (Medicore Co., Ltd., Seoul, Korea). The severity of CAN was quantified by summing the points obtained from each of the five tests, where each test scored with 0, 0.5, or 1 points depending on whether it yielded normal, borderline, or abnormal values, respectively ([Table 1](#T1){ref-type="table"}). Consequently, the minimum and maximum autonomic neuropathy points were 0 and 5, respectively. CAN was defined as the presence of at least two abnormal tests or autonomic neuropathy points ≥2 \[[@B25]\].

The CAN score was categorized as follows: CAN score 0 (total points 0), CAN score 1 (points 0.5 to 1.5), CAN score 2 (points 2 to 3), and CAN score 3 (points ≥3.5). CAN was considered absent, early, definite, or severe if the CAN scores were 0, 1, 2, or 3, respectively.

Evaluation of diabetic microvascular complications
--------------------------------------------------

DR was defined based on fundoscopy findings through dilated pupils by an ophthalmologist. DR was classified as normal, nonproliferative, and proliferative retinopathy. The patients were assigned to one of the two groups: no evidence of DR and presence of DR at any stage. Diabetic nephropathy was defined using albuminuria and urinary albumin was measured by radioimmunoassay. An albumin excretion rate (AER) \<20 µg/min or urine albumin \<30 mg/g creatinine was categorized as normoalbuminuria, AER in the range of 20 to 200 µg/min or urine albumin 30 to 300 mg/g creatinine as microalbuminuria, and \>200 µg/min or urine albumin ≥300 mg/g creatinine as overt proteinuria. Kidney function was assessed using the estimated glomerular filtration rate (eGFR), which was calculated by the simplified Modification of Diet in Renal Disease (MDRD) formula. MDRD is a noninvasive method used to calculate eGFR, which is an established parameter used to analyze renal function in epidemiological settings \[[@B26]\]. We calculated the MDRD formula as follows: 186.3×(serum creatinine-1.154)×(age-0.203)×0.742 (if female), with the serum creatinine concentration expressed in mg/dL.

Patients were considered to have nephropathy if they showed microalbuminuria or overt proteinuria. Assessment of peripheral neuropathy was based on typical symptoms and a current perception threshold or nerve conduction study.

An automated device (VP-1000, Colin, Komaki, Japan) was used to measure brachial-ankle pulse wave velocity (baPWV), which we defined as the mean baPWV of both sides, and ankle-brachial index. The insulin resistance status was evaluated by the homeostasis model assessment-insulin resistance (HOMA-IR) index, which was calculated by the formula: (fasting insulin \[µIU/mL\]×fasting blood glucose \[mmol/L\])/22.5. Serum C-peptide levels were measured by radioimmunoassay (Immunotech, Prague, Czech Republic).

Statistical analysis
--------------------

Statistical analysis was performed using SPSS version 14.0 (SPSS Inc., Chicago, IL, USA). Descriptive data are shown as mean±SD for continuous variables, number and percentage for categorical variables, and median for nonnormal distributed variables. The categorical variables of the groups were compared using the chi-square test. The significance of the mean differences between patients with mean CIMT ≥1.0 and \<1.0 mm were evaluated with Student *t* test or the nonparametric Mann-Whitney *U* test. The significance of the mean differences between patients with number of plaque \<2 and ≥ 2 was also evaluated with Student *t* test or the nonparametric Mann-Whitney *U* test. Correlation between levels of mean CIMT and other clinical parameters was analyzed by Spearman rank correlation analysis. Differences of the mean levels of CIMT according to the severity of CAN were evaluated with one-way analysis of variance (ANOVA) and *post hoc* analysis using the Bonferroni test.

The association between diabetic microvascular complications (CAN and other variables) and the presence of carotid atherosclerosis (CIMT thickening or carotid plaques) was analyzed using multivariate logistic regression. The selection of variables for use in the multivariate model was based on univariate analysis. However, only eGFR was used in the multiple logistic regression analysis model because of its close collinearity with serum creatinine using Pearson correlation. Also, we selected the following variables for the multiple logistic regression analysis, which are well known as factors associated with carotid atherosclerosis: age, hypertension (HTN), smoking, duration of diabetes, and use of statin or angiotensin converting enzyme inhibitor/angiotensin receptor blocker (ACEI/ARB). A *P*\<0.05 was considered significant.

RESULTS
=======

Clinical characteristics of the subjects according to the mean CIMT
-------------------------------------------------------------------

The mean age and duration of diabetes of all subjects were 55.6±11.3 and 7.4±6.8 years, respectively. The mean CIMT was 0.8 mm and 24.7% of the subjects showed the CIMT thickening (≥1.0 mm). The proportion of patients with ≥2 carotid plaques was 28.2%. A total of 85 (65%) of the 131 study participants were using a statin and 66 (50%) were using ACEI or/and ARB. [Table 2](#T2){ref-type="table"} shows the clinical characteristics of the subjects according to the mean CIMT. The patients with mean CIMT ≥1.0 mm showed significantly older ages and a higher prevalence of HTN compared with patients with CIMT \<1.0 mm (*P*=0.002 and *P*=0.01, respectively). Patients with CAN comprised 77% of the group with mean CIMT ≥1.0 mm, but only 29% of the group with CIMT \<1.0 mm (*P*=0.016). Patients with DR comprised 68% of the group with CIMT ≥1.0 mm, but only 28% of the group without CIMT thickening (*P*=0.003). The patients with mean CIMT ≥1.0 mm comprised 31% of the group with DR, but only 11% of the group without DR (*P*=0.011). The patients with mean CIMT ≥1.0 mm comprised 23% of the group with CAN, but only 6% of the group without CAN (*P*=0.031) (data not shown). However, there were no differences in the prevalence of nephropathy, peripheral neuropathy and statin use, or nephropathy and neuropathy between subjects with mean CIMT ≥1.0 or \<1.0 mm. No differences in other variables such as duration of diabetes, hemoglobin A1c (HbA1c), lipid profiles, eGFR, HOMA-IR, or baPWV were observed between the two groups.

Clinical characteristics of the subjects according to amount of carotid plaques
-------------------------------------------------------------------------------

The patients with ≥2 carotid plaques were significantly older and had significantly lower body mass index (BMI), lower diastolic blood pressure, lower high density lipoprotein cholesterol, and lower fasting C-peptide (*P*=0.007, *P*=0.003, *P*=0.008, *P*=0.048, *P*=0.014, respectively) ([Table 3](#T3){ref-type="table"}). Patients with CAN comprised 51% of the group with ≥2 carotid plaque, but only 23% of the group with ≤1 carotid plaque (*P*=0.014) ([Table 3](#T3){ref-type="table"}). The patients with ≥2 carotid plaques comprised 53% of the group with CAN, but only 24% of the group without CAN (*P*=0.01). However, the prevalence of patients with plaques ≥2 according to the presence of DR was not significantly different (*P*=0.079) (data not shown).

Correlation analyses between CIMT and clinical variables
--------------------------------------------------------

[Table 4](#T4){ref-type="table"} shows the correlation between CIMT, carotid plaques, and clinical variables, including the CAN score. Mean CIMT levels positively correlated with serum creatinine, baPWV, and CAN score and negatively correlated with eGFR. The number of carotid plaques positively correlated with age and CAN score and negatively correlated with BMI, diastolic blood pressure, and fasting C-peptide (data not shown).

The mean CIMT levels according to CAN severity showed significant increases by one-way ANOVA analysis (*P*\<0.001) ([Table 5](#T5){ref-type="table"}). According to the *post hoc* analysis using the Bonferroni test, mean CIMT levels between the CAN-absent group and the early CAN group were not different (*P*=0.94). Additionally, mean CIMT levels between the definite and severe CAN groups showed insignificant differences (*P*=0.4). Except in the above cases of two, remaining cases among four groups showed statistically significant different results (data not shown).

Multivariate logistic regression analysis: the adjusted effect of variables on carotid atherosclerosis
------------------------------------------------------------------------------------------------------

Multivariate logistic regression analysis was performed with carotid atherosclerosis (CIMT thickening, carotid plaques) as the dependent variable ([Table 6](#T6){ref-type="table"}). In multivariate adjusted logistic regression analysis, the patients with CAN exhibited an odds ratio (OR) of 8.6 (95% confidence interval \[CI\], 1.6 to 44.8) for CIMT thickening and an OR of 2.9 (95% CI, 1.1 to 7.5) for carotid plaques. Moreover, patients with DR were 3.8 (95% CI, 1.4 to 10.2) times more likely to have CIMT thickening after multivariate adjustment.

Age was weakly associated with presence of carotid plaques. Duration of diabetes, smoking, HTN, HbA1c, statin use, ACEI/ARB use, and eGFR were not associated with carotid atherosclerosis.

DISCUSSION
==========

In this study, the presence of CAN is associated with carotid atherosclerosis representative as CIMT and carotid plaque independently of traditional CV risk factors. Our results suggest that CAN may be an important determinant of subclinical atherosclerosis in T2DM. This finding of the association between CAN and vascular dysfunction may help to explain the excess CV mortality seen in those with T2DM subjects with CAN.

CIMT is an established marker for subclinical atherosclerotic disease in general population and diabetes \[[@B6],[@B27]\]. In this study, the mean levels of CIMT showed significantly positive correlation with score of CAN. Also, although severe CAN group showed lower mean CIMT levels than definite CAN group, the mean CIMT levels according to the severity of the CAN were increased significantly. The reasons why the mean CIMT levels in severe CAN group are lower than those of definite CAN group are unclear.

Although several studies have reported that association between CIMT and other diabetic microangiopathies, only a few studies reported the relationship between CAN and CIMT in our knowledge. Majority of previous studies to examine association between CAN and carotid atherosclerosis were those by Gottsater\'s group. They assessed CAN by expiration/inspiration (E/I) ratio or age-adusted acceleration index (AI) \[[@B12],[@B28],[@B29]\]. They reported that patients with abnormal E/I ratio or AI showed increased degree of stenosis in the common carotid artery (CCA). Also, they reported that low frequency (LF) heart rate variability (HRV) was negatively associated with the extent and progression of carotid atherosclerosis. This present study showed that LF/high frequency (HF) upright HRV power was correlated with the mean CIMT (*r*=-0.234, *P*=0.042) and HF supine was correlated with number of plaque (*r*=-0.270, *P*=0.023) (data not shown). To the best of my knowledge, only one study was reported using CAN score for assessment of CAN like this present study \[[@B11]\]. Contrary to our study, in the study by Meyer et al. \[[@B11]\] CIMT and CAN score showed no significant correlation.

Several studies about DR as an independent risk factor for the presence of atherosclerosis in T2DM were reported \[[@B15],[@B16]\]. In our present study, DR was associated with increased CIMT. This result is consistent with other previous studies \[[@B4],[@B17]\]. Malecki et al. \[[@B4]\] found that IMT was higher in patients with DR than those without DR and DR was among the predictors of increased IMT in multiple regression analysis. However, the Carodiovascular Health Study (CHS) didn\'t show a relationship between CIMT or plaque and DR \[[@B30]\]. In the present study, the frequency of patients with the plaque ≥2 according to the presence of DR was not significantly different. Miyamoto et al. \[[@B31]\] reported that mean CIMT and plaque score were not significantly correlated with DR. Rema et al. \[[@B18]\] explained that one of the causes showing discrepancy about association DR with carotid atherosclerosis is by the differences in the ages of the populations studied (Atherosclerosis Risk in Communities study, 51 to 72 years of age; CHS, 69 to 102 years of age; our present study, 31 to 86 years of age). The other potential reasons for the discrepant results may include different sample sizes and population characteristics. The exact mechanisms underlying the association between carotid atherosclerosis and DR are poorly understood. One possible explanation is that atherosclerosis and DR share common risk factors in the causal pathway. The retinal ischemia can be compensated by retinal blood vessels dilated via a local chan ge of the capillary circulation, and recent evidence on DR suggests the involvement of the circulation of larger vessels, including the CCA \[[@B4],[@B18]\]. Malecki et al. \[[@B4]\] suggested that a potential common denominator beyond the classical risk factors of both DR and increased IMT is endothelial dysfunction.

Other factors that are relatively well-known to correlate with carotid atherosclerosis, such as smoking, HTN, and duration of diabetes, didn\'t show significant association with carotid atherosclerosis in our study. HTN was associated with CIMT thickening in univariate analysis, but its significant association disappeared after multivariate analysis. These results are inconsistent with those of previous studies, which generally showed that these factors are associated with carotid atherosclerosis \[[@B32],[@B33]\]. The evidence relating glucose level to carotid atherosclerosis is less clear and inconclusive. Only a few studies demonstrated relationship with fasting glucose \[[@B34]\].

It is well-known that statin affects carotid atherosclerosis \[[@B35]\]. The proportions of patients taking statin were not significantly different between groups with or without CIMT thickening and plaque. Also, in multivariate adjusted logistic regression analysis, statin use was not associated with carotid atherosclerosis. Also, several reports suggest that drugs inhibiting renin-angiotensin system may have inhibitory effects on atherosclerotic process \[[@B36]\]. However, in our present study, ACEI/ARB did not have any association on carotid atherosclerosis. Wang et al. \[[@B37]\] suggested by meta-analysis that drugs inhibiting RAS may not have any significant effect on IMT at least for a relatively short period such as 3 months or 1 year. Therefore, duration of taking drugs may affect progression of atherosclerosis.

Our study showed that the CIMT was not different according to the presence or absence of the diabetic nephropathy, but that it was negatively correlated with the eGFR. Our finding is in agreement with previous studies \[[@B13],[@B38]\]. Although the predictive value of microalbuminuria for atherosclerotic vascular disease in T2DM patients has been in several studies, an association between the IMT and diabetic nephropathy based on the UAE showed a discrepancy \[[@B5],[@B13],[@B39]\]. The reasons for this discrepancy are not clear; in a part, this might be explained by the differences in the patients factor such as age and duration of DM. Further studies are needed to know the reasons.

Also, the CIMT was not different between the patients with and without diabetic neuropathy in this study. This result is in accordance with the study by Ito et al. \[[@B13]\].

In this study, nor carotid plaque or CIMT have significant association with HOMA-IR as marker of insulin resistance. Results in previously published studies on the relationship between IR and early carotid atherosclerotic lesions are equivocal \[[@B40],[@B41]\]. In addition, few studies have examined the possible relation between carotid plaque and IR. Shinozaki et al. \[[@B42]\] reported that HOMA-IR was associated with carotid plaque but not with CIMT. It is not known the exact reason why HOMA-IR was associated with only carotid plaque, but a possible explanation may be that different risk factors may affect only carotid plaque or CIMT if the pathological features differ, at least in part \[[@B43]\].

Also, consistent with other studies, the CIMT positively correlated with the arterial stiffness representing as baPWV \[[@B5],[@B13]\]. PWV reflects arterial stiffness and is a marker of atherosclerotic vascular disease in patients with diabetes \[[@B44]\]. Although the measures of IMT and PWV may assess the different aspects of the atherosclerotic process, both an CIMT thickening and an increased baPWV are likely to reflect the early atherosclerosis \[[@B45],[@B46]\].

The reason why previous published studies have been inconsistent concerning the association carotid atherosclerosis and microangiopathies is not clear. Some possible explanations can be suggested. First, the discrepancy may be due to differences of study populations according to the various diagnostic criteria about carotid atherosclerosis. Moreover, definition for the presence of the significant CIMT thickness and plaque were different each study. Also, it depends on using a certain method among several methods such as IMT, plaque, and carotid artery diameter to assessing carotid atherosclerosis. Which ultrasonic parameter may be superior than other parameters for evaluating the carotid atherosclerosis with regard to their clinical relevance will need to be confirmed in further studies. Second, different distributions of prevalence and severity of microangiopathies in the study participants may be another reason. Differences between studies with regard to eligibility criteria, i.e., whether patients with advanced or mild complications have been excluded or not.

Limitations of our study should be addressed. First, because of the cross-sectional design, we cannot determine the causative relationship between carotid atherosclerosis, DR and CAN. Prospective studies are required to address this important question. Second, because our study population consisted of individuals who received comprehensive examinations for the complications of diabetes, we can assume that these patients had relatively good compliance. Therefore, some characteristics of the present study population may be substantially different from those of other patients who did not undergo studies of complication. Therefore, the generalizability of our study may be limited. Third, the present study included small numbers of subjects with advanced microangiopathies. If the study was performed in a larger number of patients with microangiopathies, the results could have more impact in support of the association between diabetic microangiopathies and carotid atherosclerosis.

However, our study is meaningful in that this is the first study in Korean T2DM patients for the evaluation of relationship between carotid atherosclerosis and all diabetic microangiopathies including CAN.

In conclusion, this present study showed that the presence of CAN is associated with carotid atherosclerosis representative as CIMT and carotid plaque. Also, DR is associated with increased CIMT. A further prospective follow up of our cohort with increasing duration of T2DM will reveal whether the carotid atherosclerosis associated with CAN or DR will translate into an increased risk for clinically relevant atherosclerotic events such as stroke and coronary heart disease.
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Reference Values of the Five Autonomic Function Tests to Detect Cardiac Autonomic Neuropathy and the Scores Obtained for Each in the Patients Expressed as Points
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HR, heart rate; BP, blood pressure.
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General Characteristics of the Subjects according to the Carotid Intima-Media Thickness
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Values are expressed as mean±SD, number (%), or mean (95% confidence interval).

CIMT, carotid intima-media thickness; FPG, fasting plasma glucose; HbA1c, hemoglobin A1c; HDL-C, high density lipoprotein cholesterol; LDL-C, low density lipoprotein cholesterol; hsCRP, high-sensitivity C-reactive protein; HOMA-IR, homeostasis model assessment-insulin resistance; eGFR, estimated glomerular filtration rate; CAN, cardiac autonomic neuropathy; ABI, ankle-brachial index; baPWV, brachial-ankle pulse wave velocity; ACEI, angiotensin converting enzyme inhibitor; ARB, angiotensin receptor blocker.
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The General Characteristics of the Subjects according to the Plaques
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Values are expressed as mean±SD, number (%), or mean (95% confidence interval).

FPG, fasting plasma glucose; HbA1c, hemoglobin A1c; HDL-C, high density lipoprotein cholesterol; LDL-C, low density lipoprotein cholesterol; hsCRP, high-sensitivity C-reactive protein; HOMA-IR, homeostasis model assessment-insulin resistance; eGFR, estimated glomerular filtration rate; CAN, cardiac autonomic neuropathy; CIMT, carotid intima-media thickness; ABI, ankle-brachial index; baPWV, brachial-ankle pulse wave velocity; ACEI, angiotensin converting enzyme inhibitor; ARB, angiotensin receptor blocker.
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Correlation Analysis between Carotid Intima-Media Thickness and Clinical Variables Including Diabetic Microvascular Complications
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FPG, fasting plasma glucose; HbA1c, hemoglobin A1c; HDL-C, high density lipoprotein cholesterol; LDL-C, low density lipoprotein cholesterol; hsCRP, high-sensitivity C-reactive protein; HOMA-IR, homeostasis model assessment-insulin resistance; eGFR, estimated glomerular filtration rate; CAN, cardiac autonomic neuropathy; baPWV, brachial-ankle pulse wave velocity; ABI, ankle-brachial index.

###### 

The Mean Levels of Carotid Intima-Media Thickness according to the Severity of the Cardiac Autonomic Neuropathy
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Values are expressed as mean±SD.

IMT, carotid intima-media thickness; CAN, cardiac autonomic neuropathy.
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Multivariate Logistic Regression Analysis on the Various Risk Factors for Carotid Intima-Media Thickness Thickening and Cartoid Plaques
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OR, odds ratio; CI, confidence interval; CIMT, carotid intima-media thickness; HbA1c, hemoglobin A1c; CAN, cardiac autonomic neuropathy; baPWV, brachial-ankle pulse wave velocity; ACEI, angiotensin converting enzyme inhibitor; ARB, angiotensin receptor blocker; eGFR, estimated glomerular filtration rate.
